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COMPLETE SPECIFICATION 

Process for preparing Dried Fruit Products 



Wc, Kellogg Company, a Corporation 
organized under the laws of the State of 
Delaware, United States of America, of 235 
Porter Street, City of Battle Creek, State of 
5 Michigan, United States of America, do here- 
by declare the invention, for which we pray 
that a Patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
10 ing statement: — 

This invention relates to freeze dried fruit 
particles and to a method of preparing such 
fruit particles from a puree of the fruit. 
The present invention provides porous, 
15 freeze dried, fruit panicles having a minor 
proportion by weight of gelatinized starch 
distributed therethrough. 

According to a feature of the invention 
there is provided a method of preparing a 
20 porous, freeze dried, fruit product having a 
minor proportion by weight of gelatinized 
starch distributed therethrough, which corn- 
prises preparing a fruit puree, admixing said 
fruit puree with a minor but sufficient pro- 
25 portion of pregelatinised starch to farm a 
dough, injecting an innocuous gas into said 
dough so as to impart a porous texture there- 
to, chilling the product and shaping it into a 
form having suitable dimensions for freeze 
30 drying and thereafter freeze drying the thus 
shaped product. 

The amount of pregelatinised starch used 
in the preparation of tie dough is preferably 
from 5% to 15!% by weight based on the 
35 weight of the puree. It is also preferable to 
use in the preparation of the dough, up to 
1% by weight based on the weight of the puree, 
of an edible gum. Suitable innocuous gases 
which can be used in the present invention 
40 are air and nitrogen. After injection of the 
innocuous gas and chilling to a plastic condi- 
tion, the dough can be shaped by extruding 
through an orifice of suitable cross-sectional 
shape, freezing the extrudate to rigidity and 
45 by then slicing the frozen extrudate into 
pieces of desired length. This product is 
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then freeze - dried to produce a storage- 
stable product, which closely resembles the 
fresh fruit in odour, taste and texture, and 
which readily hydrates when eaten with milk 
or cream alone, or in combination with ready- 
to-eat breakfast cereals. 

As one example, and for the purpose of 
illustration, the invention will first be des- 
cribed in connection with the treatment of 
bananas. 

Bananas are unique as distinguished from 
other fruits which can be dried, for example, 
by freeze drying in a conventional manner 
and without additives. Bananas are not 
amenable to drying, by freeze drying or 
otherwise, without detriment to their odour, 
taste and texture. 

The pulp (edible portion), of a fully ripe 
banana contains approximately 75% of water 
and 25 /, of solids. This is a rather high 
solids content compared with other fruits. 
Consequently the banana pulp has a higher 
density than most other fruits. 

The chemical composition of bananas 
changes considerably during ripening. The 
total sugar content increases from less than 
2% in green bananas to approximately 20% 
in the fully ripened fruit. The starch content 
decreases from approximately 17.5% at the 
day of picking to about 3-.% three weeks 
after harvest, while the hemicellulcse is 
reduced from 7% to 1.5% over the same 
period. The increase in the pectin content 
during ripening no doubt also contributes to 
the final texture of the banana. 

The texture of the banana is primarily 
dependent on the stage of ripeness. During 
ripening, complex carbohydrates arc broken 
down to form sugars and other relatively 
simple carbohydrates. The net result is a 
softer and smoother texture of the fruit pulp. 

Ordinary freeze-dried banana slices do not 
rehydrate as well as other fruits dried in the 
same manner. A thin freeze-dried banana 
slice will be mushy and slimy when fully 
rehydrated, a thick slice will remain hard %nd 
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crisp. Neither type slice has a texture 
similar to the fresh fruit 

It is felt that the close-knit structure of 
bananas is not conducive to proper rehydra- 

5 tion of the freeze-dried fruit. 

Further, ordinary thin-sliced freezc-dried 
bananas wet very readily with the exception 
of the pulpy layers surrounding the banana 
seeds. These areas remain rather hard and 

10 leathery. The fully rehydrated slice has little 
structural strength and disintegrates into bits 
and pieces of banana flakes. 

The ordinary thick-sliced, freeze-dried 
banana does not fully rehydrate. The ex- 

15 terior portion of the slice will rehydrate to 
some extent while the interior portion 
remains very hard. 

Heretofore, no freeze-dried natural sliced 
banana resembled the original fruit upon 

20 rehydration. 

Banana slices prepared by the method of 
the present invention rehydrate readily in 
milk, water or similar liquids. The texture 
of the rehydrated slice closely resembles a 

25 natural banana slice. The reasons why this 
product rehydrates more readily than the 
natural fruit will be pointed out in the fol- 
lowing discussion of the processing. 
In accordance with the present invention 

30 ripe bananas, preferably of the kind known 
commercially as full No. 7 or late No. 7, 
are peeled and crushed, pulped or masticated 
to a puree. During this operation the 
bananas are "choke fed" to the pulper and 

35 then deaerated at normally 28 to 29 inches 
(about 711 to 737 mm.) of mercury, to avoid 
oxidation. 

In the aforesaid pulping step the ripe, 
peeled bananas are reduced to a homo- 

40 geneous mass, wherein all the banana fibres 
are broken down. The consistency of the 
banana puree at this stage can be compared 
to that of a thin syrup. Thus the pulping 
operation breaks down the natural close-knit 

45 structure and connective fibres which hamper 
rehydration of the natural freeze-dried fruit. 

Thereafter the puree is heat processed or 
cooked at a temperature in the range of 
from about 170°F. to about 275°F. (about 

50 77°C. to about 135°C) for the purpose of 
preventing browning by enzyme inactivation. 
As is well known, exposure or "cooking time" 
will decrease with increase in temperature, 
and. therefore the time-temperature relation- 

55 ship required is a twenty-second hold at 
205°F. (about 96°C.) or its practical 
equivalent or until the polyphenol oxidase 
and peroxidase enzyme content has been 
destroyed. 

60 Although the aforesaid enzyme inactiva- 
tion prevents browning, such treatment 
results in after-cooking darkening. The rea- 
son for this is not fully known but is believed 
to result from iron and copper naturally pre- 



sent in bananas. They exist in the reduced 65 
form in an organic complex, and become 
free after heating to combine with tannin- 
like substances to form faintly coloured 
compounds. It has been found that such 
after-cooking darkening can be further pre- 70 
vented by incorporating metal chelating or 
sequestering agents with the bananas during 
the pureeing and prior to heat treatment. 
For such purpose disodium ethylcncdiaminc 
tetraacetate dihydrate (EDTA) and disodium 75 
calcium ethylencdiamine tetraacetate di- 
hydrate have been found to be most effective. 
Sodium acid pyrophosphate, phosphoric acid 
and citric acid are also effective but to a lesser 
degree; that is greater proportions of the 80 
latter agents arc required. 

At least 80 p.p.m. (parts per million) of the 
aforesaid dihydrates and at least 300 p.p.m. 
of the aforesaid acids on a wet basis (assuming 
the bananas to be approximately 75'/. mois- 85 
ture) are the minimum quantity necessary 
under laboratory conditions for preventing 
after-cooking discoloration. 

After pulping and cooking, the puree is 
cooled to a temperature of about 40°F. (about 90 
4.5°C.) and there is added to the puree in a 
mixing vessel a minor amount, such as from 
about 5 to about 15% by weight, of cold 
. swelling or cold working pregelatinizcd starch 
which takes on water from the banana or from 95 
water that may be added thereto, to ultimately 
provide a dough having a binder in the form 
of a starch network. An edible gum in the 
amount up to about 1";> by weight of the 
banana is also desirably added here, together 100 
with sweetening and coloring agents. 

An innocuous gas, such as air or nitrogen, 
is incorporated throughout the dough in the 
mixer to provide fine bubbles therein and to 
aid in the production of an ultimately porous 105 
product. This dough is then partially frozen 
or chilled to a temperature of approximately 
20°F. to approximately 25 °F. (about -7° 
to about — 4°C.) to incipient crystal forma- 
tion, and shaped as by extruding in strands 110 
through a circular die having a diamter of 
about 3/4 to about 1 inch (about 19 to about 
25 mm.). It is then sliced or cut to pieces of 
about 1/16 to about 3/16 inch (about 1.6 to 
about 4.8 mm.) in thickness and then frozen 115 
to about 0°F. (about — 18°C.) in a zone 
having an atmosphere cooled to about — 20°F. 
(about -29°C). In the alternative the ex- 
trudate, which is relatively plastic, is frozen 
to a temperature of from about 5°F. to about 120 
15°F. (about -15°C. to about -9°C.) to 
solidify it prior to cutting or slicing as afore- 
said. 

The slices are thereafter subject to con- 
ventional vacuum freeze drying to a moisture 125 
content of from about 1.5 to about 2.0 per- 
cent. The resulting product is a mass of 
porous, storage-stable pieces which when, for 
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example, mixed with milk rehydratcs and 
closely resembles fresh banana in odour, taste 
and texture. 
In the final mixing step the injection of gas 

5 into the dough creates millions of tiny cells 
which give the product a porous texture similar 
to that of ice cream, and aids in the freeze- 
drying and rehydration of the dried product. 
The density of the final extruded dough can 

10 range from about 0.5 to about 0.9 grams per 
cubic centimeter, although a density of about 
0.7 gms/cc is preferred. Slices made from 
dough with densities below 0.5 gms/cc do 
not retain their shape when rehydrated. 

15 Dough densities above 0.9 gms/cc are too 
compact to rehydrate properly after freeze- 
drying. 

The final freeze-dried slice has the same 
colour and odour as bananas, excellent banana 

20 flavour and upon rehydration has a texture 
very much like natural fresh banana. The 
superior rehydration characteristics of this 
banana product over natural freeze - dried 
banana is due to the more open and porous 

25 texture which is only produced in the afore- 
mentioned process. The internal starch and 
gum network gives the slice structural rigidity 
and strength which retards the breakup of the 
rehydrated product. 

30 In general it may be said that the starch 
provides a network binder for the reconstructed 
banana, the gum provides stiffness and what 
may be termed "bite", and the added gas pro- 
vides the desired porosity. The product can 

35 be satisfactorily formed with starch alone, but 
it is preferred to add the edible gums. Like- 
wise, although no water need be added it 
has been found desirable to add water, since 
on freezing this forms added ice-crystals which 

40 when sublimed by the freeze drying provides 
a product of enhanced porosity and which is 
thus amenable to better wetting in final use. 

Suitable edible gums are guar, arabic, locust 
bean, tragacanth, Promine D, a soya protein 

45 derivative and sodium carboxymethylcellulose. 
In general, these suitable gums are ones which 
are capable of absorbing water without the 
use of heat which are free from objectionable 
odour, taste, and have good binding character- 

50 istics and whipability. 

Sweetening agents include such natural 
sweeteners as corn syrup, wheat syrup, other 
grain syrups, dextrose, maltose, invert sugar, 
honey, fructose, and other artificial and 

55 natural sweeteners or combinations including 
of course sucrose. 

The following are typical compositions used 
in the preparation of die product of the pre- 
sent invention: 

60 Example 1 

Banana puree 845.0 grams 

Gelatinized starch 100.0 „ 

Sucrose 50.0 „ 

Gum Tragacanth 5.0 „ 



Example 2 
Banana puree 85.0 
Water 8.3 
Gelatinized starch 6.5 
Sodium Carboxymethyl- 
cellulose (CMC.) 0.2 

Example 3 

Banana puree 92.7 

Gelatinized starch 7.0 

C.M.C. 0.3 



grams 
» 
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Example 4 75 
Banana puree 93.0 grams 

Gelatinized starch 7.0 „ 

The banana puree used in the foregoing 
examples had been heat treated for twenty 
seconds at 205°F. (about 96°C) to destroy 80 
polyphenoloxidase and peroxidase enzymes. 

Pregelatinized wheat starch has been found 
to be excellent as the starch because of its 
nearly tastelessness and excellent workability. 

Although we have heretofore indicated that 85 
sugars can be used such as for example 
sucrose, its addition does not enhance the 
flavour of the product and in fact hinders 
reconstimtion, when contacted with the liquid 
such as milk for consumption, and also lowers 90 
the freeze point and makes it harder to dry. 

The amount of solids in the banana dough 
will affect the rehydration of the dried pro- 
ducts and a solids content of from about 25% 
to about 40% has been found satisfactory, 95 
with the lower level preferable, since it is near 
the normal amount found in bananas. 

In a typical example of freeze-drying, a 
drier load was employed of 1.5 — 2.0 pounds 
per square foot (about 7.3 to about 9.8 kilo- 100 
grams per square meter) at a shelf temperature 
of 250°F. (about 121°C.) for 2—3 hours, 
followed by gradual reduction to a tempera- 
ture of the order of about 120°F. (about 
49°C), for a total drying cycle of about 7 to 105 
8 hours. Surface temperature of the product 
was not permitted to rise over 110°F. (about 
43 °C.) and the pressure in the vacuum 
chamber was from 200 — 600 microns of mer- 
cury. The ice that sublimed off was condensed 110 
in an adjacent chamber wherein the condser 
temperature was —30° to — 40°F. (about 
-34° to about -40°C). The dried slices 
being removed had a moisture content of 
approximately 2 percent. 115 

The resulting product had a storage life of 
8 to 14 months and upon addition of milk 
thereto in a dish with cereals the reconstituted 
banana had a natural odour, taste and texture 
which was substantially indistinguishable from 120 
fresh sliced banana. 

Advantages for using a formulated fruit for 
a freeze - dried product vary with the specific 
fruit. However, it can be said that it is 
always easier to control the rehydration*and 125 
sweetness of the final product when the fruit 
has been pureed and formulated. Rehydration 
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of a freeze-dried unformulated whole banana 
slice is too slow, whereas a similar straw- 
berry slice rehydrates much to rapidly and 
becomes soft and soggy when milk is added to 
5 the cereal and freeze-dried fruit mixture. 
Blueberries have a tough skin which prevents 
rapid rehydration. 

Natural freeze-dried peaches exhibit wide 
variation in speed of rehydration and sweet- 

10 ness, depending on fruit maturity, area of 
growth, etc. 

At present, only a very few peach varieties 
have been found satisfactory for freeze-drying. 
Generally, varieties are selected or rejected 

15 because of texture or flavor, both of which can 
be controlled in a formulated product. In 
addition, the acceptable unformulated peach 
varieties presently used are all of the freestone 
type. However, with a peach puree in accord- 

20 ance with the present invention nearly any 
type peach can be used, including the cling- 
stone varieties which make up a very large 
part of the annual peach crop. Also, bits and 
pieces of fruit that are by-products of slicing 

25 and canning operations can be used for puree. 
This provides a large supply which could 
not be utilized if natural fruit slices were used. 
Heretofore, freeze-dried fruit slices came from 
only very select fruit which accounts in part 

30 for the high cost of the finished food. . ■>• 
The maturity of the fruit is another very 
important factor. Fruits heretofore used for 
unformulated freeze-drying are usually picked 
when they are least likely to be damaged 

35 during handling and shipping. They are not 
necessarily picked at their peak flavour, since 
fruits usually bruise very easily at their peak 
flavour maturity. Consequently, the fruits 
were not as flavourous as they might be. By 

40 processing fresh, mature fruit and subsequently 
formulating it, a full flavored product can be 
produced which utilizes fruits which would 
otherwise eidier be lost or manufactured into 
other lower cost items. This expands the 

45 supply markedly and accounts for much lower 
costs for the freeze-dried food. An excellent 
example of this is the aforementioned use of 
both cling and freestone peaches for puree 
purposes. 

50 In the treatment of strawberries in accord- 
ance with the present invention, the fruit is 
sorted, cleaned and pureed and then formu- 
lated. No chemical treatment is necessary. 
In the treatment of peaches in accordance 

55 with the present invention, the fruit is peeled 
and pitted and pureed with up to 0.5 % added 
ascorbic acid to prevent enzymatic browning. 
Heat or sulfur dioxide can also be used for 
enzyme control. 

60 Blueberries, boysenberries, etc., arc treated 
similar to strawberries. 

The products are formulated very much like 
the aforesaid banana product. The main in- 
gredient being the fruit puree to which is 

65 added a cold-working pregelatinized starch to 



provide the final texture and rehydration 
characteristics. Also, a suitable cold-working 
gum may be added to improve the bite of the 
product. Sweetness can be adjusted by the 
addition of an artificial sweetener to the pureed 
fruit. 

Thus, in general the composition ranges 
of the invention are as follows in percent 
by weight: 



Fruit puree 
Gelatinized starch 
Ascorbic acid 
Gum 

Artificial sweetener 



95 
5 
0 
0 
0 



Acceptable ingredients for the starch and 
gum correspond with those described pre- 
viously for bananas. The type of artificial 
sweetener used depends on the fruit to be 
sweetened. Cyclohexylsulphamic acid may 
be used when the fruit is naturally tart. 
Alixtures of saccharin sodium and calcium 
cyclamate may be used for merely increasing 
sweetness. 

The following specific examples further 
illustrate the present invention in percent by 
weight: 



Example 5 

Peach puree 
Gelatinized starch 
Artificial sweetener* 
Gum 

Example 6 

Strawberry puree 
Gelatinized starch 
Artificial sweetener* 
Gum 



92.3 
7.0 
0.4 
0.3 



91.3 
8.0 
0.4 
0.3 
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— 15 
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— 1.0 

— 0.6 
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100 



Although, in the foregoing, the treatment 
of individual fruits has been described, it will 
be understood that the process of the present 
invention is particularly amenable to the pro- 105 
duction of purees of mixed fruits, such as for 
example peaches and apricots, and the produc- 
tion of mixed freeze-dried products there- 
from. This could not be accomplished using 
whole, natural fruit pieces. 110 

WHAT WE CLAIM IS: — 

1. Porous, freeze dried, fruit particles having 
a minor proportion by weight of gelatinized 
starch distributed therethrough. \\s 

2. Fruit particles as claimed in claim 1 
which also have edible gum distributed there- 
through. 

3. Fruit particles as claimed in claim 1 or 
claim 2 in which the fruit_is banana, peach or J20 
strawberry. 



*The artificial sweetener is a mixture of 
approximately 12 parts calcium cyclamate to 
1 part saccharin sodium. 
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4. Fruit particles as claimed in claim 1 or 
claim 2 in which the fruit is a mixture of 
fruits. 

5. A process for preparing a porous, freeze 
5 dried, fruit product as claimed in claim 1 

which comprises preparing a fruit puree, ad- 
mixing said fruit puree with a minor but 
sufficient proportion of pregelatinised starch 
to form a dough, injecting an innocuous gas 

10 into said dough so as to impart a porous 
texture thereto, chilling the product and shap- 
ing it into a form having suitable dimensions 
for freeze drying and thereafter freeze drying 
the thus shaped product. 

15 6. A process as claimed in claim 5, in which 
the dough, after injection of the gas and 
chilling, is shaped by extrusion to form con- 
tinuous strands and by cutting the strands into 
slices. 

,i0 7. A process as claimed in claim 5 or claim 
6 in which 5% to 15% by weight of starch is 
used. 

8. A process as claimed in any one of claims 
5 to 7 in which the pregelatinised starch is 

i$ pregelatinised wheat starch. 

9. A process as claimed in any one of claims 
5 to 7 in which up to 1% by weight of an 
edible gum is mixed with the fruit puree. 

10. A process as claimed in claim 9 in 
30 which the edible gum is guar gum, gum arabic, 

locust bean gum, gum tragacanth, Promise D, 
or sodium carboxymethylcellulose. 



11. A process as claimed in any one of 
claims 5 to 10, in which water other than that 
present in the fruit is used in preparing the 35 
fruit puree. 

12. A process as claimed in any one of 
claims 5 to 11 in which a sweetening agent 
and/or a colouring agent is aclrnixed with the 
fruit puree. 40 

13. A process as claimed in any one of 
claims 5 to 12 in which the fruit is banana, 
peach or strawberry. 

14. A process as claimed in any one of 
claims 5 to 12 in which the fruit is a mixture 45 
of fruits. 

15. A process as claimed in claim 13 in 
which the fruit is banana and there is in- 
corporated with the fruit during the prepara- 
tion of the puree and prior to any heat treat- 50 
ment thereof, a metal chelating or sequester- 
ing agent 

16. A process for preparing a porous, dried 
fruit product as claimed in claim 5 and 
substantially as hereinbefore described with 55 
reference to any one of the examples. 

17. Freeze dried fruit products whenever 
produced by the process claimed in any one 
of the preceding claims. 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Agents for the Applicants, 
Chartered Patent Agents. 
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